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Abstract 
This paper presents a novel hinge mechanism for deployment of spacecraft subsystems such as antennas, solar arrays. By 
using Axiomatic design theory, the conceptual design of the hinge mechanism is suggested, which has not only high 
deployed stiffness and low deployment shock but also does not require lubrication and accurate fabrication. That is, 
optimization of deployment torque and maximization of the deployed stiffness can be possible since this suggested hinge 
mechanism is decoupled design. And the suggested hinge mechanism is fabricated and tested to evaluate the feasibility. 
Quasi-static analysis is performed to optimize deployment torque for low deployment shock by using FEM. Also, the 
bending stiffness is measured by 4 point bending test. 
 
© 2012 Published by Elsevier B.V. 
Selection and peer review under responsibility of Information Engineering Research Institute 
 
Keywords: Satellite solar array ; Tape spring hinge ; SMA latch ; Shape memory effect ; Axiomatic design ; Independece axiom 
 
 
* Corresponding author. Tel.: +82-42-350-3033; fax:+82-42-350-3210. 
E-mail address:leejungju@kaist.ac.kr. 
 012 Published by Elsevier B.V. 
election and peer review under responsibility of Information Engineering Research Institute
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
226   Ju Won Jeong et al. /  IERI Procedia  1 ( 2012 )  225 – 231 
 
1. Introduction 
Spacecraft is generally a deployable structure which can change its shape into compact form for 
transportation but can be deployed for their intended mission. A hinge mechanism for deployment of 
spacecraft subsystems has three principal functions: deployment of the subsystem, latching the subsystem 
after deployment with a required stiffness for its final use and providing a delay mechanism to avoid locking 
shock and collision among the satellite body and its subsystems. Hinge mechanisms are mainly separated into 
two types: rigid type hinge, flexible type hinge (Fig. 1). Fig. 1a shows a typical rigid type hinge. These kinds 
of hinges consists of a pin joint, two brackets, springs for deployment torque, latch and damper which can be 
added for low locking shock. The most common flexible type hinge is a tape spring hinge which also called 
lenticular hinge or carpenter tape hinge. The typical example of a tape spring hinge is shown in Fig. 1b. These 
sorts of hinges consist of two brackets, tape springs which are transversally curved strips. Although tape 
spring hinges have low bending stiffness when they are stowed for transportation (post-buckled state); 
however, they come to have relatively much higher bending stiffness due to the transversal curvature as tape 
springs become straight after deployment (pre-buckled state): In other words, a latch and an actuator for 
deployment torque are integrated into one element, a tape spring. Therefore, the mechanisms of tape spring 
hinges are very simple and their mass is very low. Table 1 and Table 2 show that rigid type hinges have good 
controllability of deployment behavior and high stiffness but their cost is high. In case of tape spring hinges, 
simple mechanism and low cost are the advantages but their performance is generally inferior to rigid type 
hinges because this type hinges depends only on elasticity [2, 3].  
In this preliminary study, by using Axiomatic design, a new hinge concept is suggested to solve the 
disadvantages of the existing hinges while the advantages of both typical mechanisms are maintained. And 
this suggested mechanism is concretized and verified by FEA and 4 point bending test. 
 
 
(a)  (b) 
Fig. 1. (a) Rigid type hinge by Starsys Research Corporation [1]; (b) flexible type hinge by CNES  and METRAVIB RDS [2] 
 
Table 1. Advantages and the disadvantages of rigid type hinges 
Advantages  High deployed stiffness and lateral stiffness in stowed position 
 High controllability of deployment (locking shock and collision can be avoided easily) 
Disadvantages 
 Lubrication and accurate fabrication is essential to prevent failure modes of deployment induced by 
binding of a joint which is highly related to friction and temperature. 
 Since special lubrication and accurate fabrication are required, the cost is very high 
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Table 2. The advantages and the disadvantages of rigid type hinges 
Advantages  No lubrication and accurate fabrication is required: Simple mechanism, low mass and cost. 
Disadvantages  Relatively low deployed stiffness and low lateral stiffness in stowed position 
 Low controllability of deployment (relatively high locking shock or collision may be exist) 
2. Conceptual design based on the independence axiom 
Our purpose is to present a high stiffness and low shock deployment hinge mechanism, which does not 
require lubrication. In case of a rigid type hinge, lubrication must be essential to guarantee deployment 
reliability since there is always friction in pin joints. Therefore, a newly suggested hinge mechanism should 
be tape spring type hinge to exclude failure modes related to friction. And additive parts are suggested 
through logical and systematic conceptual design process using axiomatic design to remove their 
disadvantages [4, 5]. The conceptual designs derived by zigzag mapping process are evaluated if they satisfy 
the independence axiom or not. Finally, the design is selected, which has the simplest design matrix among 
the ones satisfying the independence axiom. The suggested design shown in Fig. 2 and Fig. 3 consists of a 
tape spring hinge, tape springs for delay mechanism and a SMA latch mechanism. Deployment torque is 
provided by the tape spring hinge and the hinge is deployed from the stowed state (Fig. 2a) to the deployed 
state (Fig. 2b). The other tape springs which are only connected to one bracket absorb the kinetic energy of 
the hinge when a solar array is deployed to prevent collision among a satellite and its subsystems (Fig. 2c). 
Due to the transversal curvature of the tape spring hinge, the hinge is firstly latched (Fig. 3a). Secondly, it is 
latched by the NiTi tube latch (Fig. 3b). The NiTi tube latch is composed of two latch supporters, two latches, 
two tapered holes and the two NiTi Tube (Af: 70 ) which is activated by flexible heaters. The NiTi tubes are 
compressed prior to assembly in order for the latch mechanism not to disturb deployment and then the flexible 
heaters can be attached to the NiTi tube by means of adhesive. The hinge is secondly latched as the two 
latches fits into the two tapered holes by the latch supporters and the expanded NiTi tubes which are expanded 
when the temperature of the NiTi tubes reaches Austenite finish temperature (Af) by heaters(Fig. 3b). 
 
 
(a)  (b)  (c) 
Fig. 2. The model of the suggested hinge. (a) stowed configuration; (b) deployed configuration; (c) tape springs for a delay 
mechanism which prevents collision. 
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(a) (b) 
Fig. 3. The second latch mechanism using SMA tube. (a) second latch is not activated; (b) second latch is activated 
Deployment behavior is able to be optimized to meet required torque margin suitably, but not excessively 
due to the second NiTi tube latch. Also, since the second NiTi tube latch is not related to deployment torque, 
the deployed stiffness can be also maximized without any increase in deployment shock. Table 3 shows the 
FRs and DPs corresponding to each FRs. And Eq. 1 shows its design matrix which shows the suggested hinge 
design is decoupled design. Therefore, this design satisfies the independence axiom. As a result, the FRs of 
this hinge design can be maximized and optimized without tradeoff among the FRs. 
Table 3. the FRs of a hinge and DPs corresponding to each FRs 
FR1: Provide torque for deployment with the subsystem DP1: Tape spring hinge 
FR2: Control the deploy behaviour to avoid shock DP2: Tape springs for a delay mechanism 
FR3: Latch the subsystem after being deployed DP3: SMA latch mechanism 
1 1
2 2
3 3
0 0
0
0
FR X DP
FR X X DP
FR X X DP
=   (1) 
3. Simulations and experiments 
To evaluate the feasibility of the suggested conceptual design, the prototype is made (Fig. 4). To determine 
the arrangement of tape springs for optimized deployment under the required conditions, Each deployment 
torque of the suggested three arrangements in Fig. 5 are analyzed by performing quasi-static analysis using 
FEA [6, 7]as shown in Fig. 6. The two hinges are used to deploy a solar array and the resisting torque is 0.1 
N·m only by a harness. Considering the required torque margin condition (250%) which is defined as Eq. 2, 
deployment torque must be higher than 0.175 N·m.  
1 100%torqueTM
Resisting torque
Available
= − ×   (2) 
When the hinge is stowed, degree is 90˚ and degree is 0˚ for the deployed configuration. Option B in Fig. 
6a has the most minimal kick-off torque over the interval [0˚, 90˚] in the suggested options (Fig. 6b). Also, the 
option A does not satisfy the required torque margin value and the torque margin of option C is excessive 
although the value satisfies the required value. Hence, option B is the best one.  
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Fig. 4. The fabricated hinge for verification 
 
  
(a) (b) (c) 
Fig. 5. The arrangements of tape springs for deployment torque 
 
 
(a)
 
(b) 
Fig. 6. (a) torque versus angle relation of each arrangements of tape springs (-5˚ ~ 5˚); (b) torque versus angle relation of each 
arrangements of tape springs (5˚ ~ 90˚) 
In case of the NiTi tube latch, 4 point bending test is performed to evaluate its performance after the 
second latching by the expansion of the two NiTi tubes. Fig. 7a shows the 4 point bending fixture used in this 
test. And the test result is shown in Fig. 7b which represents the bending stiffness becomes 9.3 times larger 
than the bending stiffness by the only tape spring hinge after the second latch is activated. And the FEA result 
is compared with the test result about the case that latching is done by the only tape spring hinge. Also, in 
case that tape springs are used only to obtain the same stiffness as the case that the second latch is activated, 9 
pairs of the same tape spring hinges are required: highly excessive torque margin is inevitable, which is 9 
times larger (Fig. 8). And this may cause highly severe deployment shock which damages the body of a 
satellite and its subsystems. 
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(a)
 
(b) 
Fig. 7. Bending stiffness comparison. (a) Four point bending fixture to evaluate the bending stiffness; (b) test result. 
 
 
(a) 
 
(b) 
Fig. 8. Torque margin comparison. (a) without SMA latch; (b) with SMA latch 
4. Conclusion 
In this study, the new conceptual design of a hinge for a spacecraft is developed by using the independence 
axiom. As a result, the conceptual design which realizes high deployed stiffness and low deployment shock is 
obtained since trade-off among the FRs of a tape spring type hinge is removed. Also, accurate fabrication and 
robust lubrication to prevent deployment jam are not required since this hinge is based on tape spring hinges. 
In the test and the FEA simulation, it is verified that the performance can be improved easily because the FRs 
of this prototype hinge is decoupled well. Also, this prototype is just an example of the suggested conceptual 
design and this suggested hinge can be improved. But two-way memory effect occurs in the NiTi tubes, which 
is not desirable: the deployed stiffness can be reduced due to this effect. This problem must be studied later. 
Also, Deployment behaviour and the deployment shock have to be evaluated afterwards using a dummy solar 
array with gravity compensation to verify the performance of the suggested hinge. 
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